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Background: Atrial fibrillation (AF) is commonest sustained atrial arrhythmia producing
high morbidity. Although Cox's Maze III procedure cures AF in majority, reduced atrial
transport function (ATF) is a concern. Radial approach with ablation lines radial from sinus
node towards atrioventricular annulii and parallel to atrial coronary arteries, has shown
better ATF.
Methods: Single blind open randomized prospective study of 80 patients was undertaken in
two groups (40 each) of modified Cox's maze III and modified radial approach, to evaluate
conversion to normal sinus rhythm (NSR) and ATF. Patients undergoing surgery for
rheumatic valvular heart disease with continuous AF were prospectively randomized.
Ablation lines were created with radiofrequency (RF) bipolar coagulation with cryoablation
for the isthmal lesions and coronary sinus. Results were compared at 6 months and ATF
was evaluated by atrial filling fraction (AFF) and A/E ratio on echocardiography.
Results: The rate of conversion to NSR in both groups was statistically insignificant by
Fisher's exact test (p > 0.05). ATF was better in modified radial approach compared to
modified Cox's Maze III (A/E compared by unpaired t test:0.52 ± 0.08 v/s 0.36 ± 0.10; p < 0.05.
AFF compared using Mann Whitney U test: median AFF for radial group was 23 v/s 20 for
biatrial group; p < 0.05).
Discussion: In patients with AF undergoing rheumatic valvular surgery, radiofrequency
radial approach is as effective as modified Cox's maze III for conversion to NSR with better
atrial transport function.
Copyright © 2014, Cardiological Society of India. All rights reserved.Floor, Jain Mandir Marg, Bandra (W), Mumbai 400050, India. Tel.: þ91 9869637505; fax: þ91
.com (S.A. Sayed).
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Atrial fibrillation (AF) is the commonest clinically significant
arrhythmia affecting 1% of the general population.1 In the
United States, 2.3 million people have AF with projected esti-
mate of 2.5 fold rise (5.6 million) by 2050.2 AF is present in
approximately 50% of patients who undergo mitral valve (MV)
surgery.3,4 Rheumatic heart disease (RHD) is most common
cause of atrial fibrillation in India5 and studies have shown
prevalence rate of AF from 25% to 60% (average 40%) of all
hospitalized patients of RHD. More than 80% of those with
perioperative chronic AF remain in AF after valvular surgery
alone.6 The complications of AF are possibility of stroke due to
thromboembolism, hemodynamic abnormality, tachycardia
induced cardiomyopathy and deterioration of quality of life.
AF is responsible for 15% of strokes each year in U.S.2,7 In
patients with prosthetic valve replacement with AF, the inci-
dence of stroke rises to 10% during 10 year follow up.8 Maze
procedure was developed by James Cox in 1987 and modified
gradually to Maze III procedure which involves series of in-
cisions in both atria to create an electrical maze to prevent
multiple macroreentrant circuits.9e11 Cox's maze procedure
for AF is considered as a gold standard as it restores regular
ventricular rhythm, normal cardiac hemodynamics, alleviates
vulnerability to thromboembolism.12
In the early postoperative phase following Cox's maze, the
atrial transport function (ATF) is less as compared to normal
subjects. The ATF recovers with time but still remains low in
long term followup.13,14 ATF is an important variable in
determining the cardiac output especially in patients with
ventricular diastolic dysfunction which can be found in pa-
tients with valvular heart disease, hypertension, coronary
artery disease, cardiomyopathies and aging. The radial
approach for AF is believed to better preserve the ATF.15e18 In
radial approach, the incisions are made radially from the
sinus node towards atrioventricular annular margins and
parallel to atrial coronary arteries. Radial procedure was pro-
posed as an alternative to the Cox III maze.15,16 Beginning in
1996, we have used radiofrequency bipolar coagulation to
replace incisions of Cox's III maze procedure.19,20 This study
was undertaken to test the efficacy of modified radio-
frequency bipolar radial approach versus modified RF bipolar
Cox's maze III in restoring NSR and in preserving ATF.2. Materials and methods
2.1. Trial design
Single blind, open randomized prospective study including all
patients with AF more than 3 months duration undergoing
rheumatic valvular heart surgery.
2.2. Sample size
80 patients were prospectively randomized in two groups viz:
radial and biatrial maze group. Computer generated
randomization was performed. The sample size was 40 in
each group with an expected 60% recovery of normal left ATFin the biatrial maze versus a 95% recovery in the radial maze
at significance level a ¼ 0.05 and 80% power.
2.3. Patient selection criteria
Patients with rheumatic AF undergoing valvular heart surgery
with electrokardiography (EKG) documented AF of more than
3months duration. Preoperative records of EKGwere carefully
analyzed to ensure that the AF was continuous.
2.4. Exclusion criteria
1. Patients <12 years and >60 years.
2. Pregnancy.
3. History of previous cardiac surgery via midline sternotomy
approach.
4. Patients requiring additional coronary bypass surgery.2.4.1. Methodology
Prior approval was obtained from the institutional ethics
committee. The procedure was explained to the patients and
written informed consent was obtained preoperatively. The
procedure involves using radiofrequency bipolar coagulation
output of Aspen Excalibur Plus PC electrosurgical unit
(CONMED Aspen Labs, Englewood, CO, USA) with standard
bayonet-shaped bipolar forceps with a 7-mm tip and nitrous
oxide based cryoablation (60 deg) (Ophthalmic cryoprobe
Super AAA-Appasamy Associates, Chennai, India) for pro-
ducing conduction blocks in atria in either radial fashion or
copying modified Cox's maze incisions. Amiodarone (200 mg)
po was administered in the evening prior and on the day of
surgery and continued postoperatively for 3 months with QTc
monitoring.
2.4.2. Technique
A median sternotomy is performed. After heparinisation,
space is developed posterior to junction of superior vena cava
(SVC) and right atrium (RA) to allow one blade of bipolar for-
ceps to enter the transverse sinus during ablation. The SVC
and inferior vena cava (IVC) are encircled with umbilical
tapes. Sharp dissection is performed near the right inferior
pulmonary vein to gain access to the oblique sinus. Ascending
aortic cannulation is performed. Right angled wire reinforced
metal tip cannulae are used for direct caval cannulation. The
surgery is performed using moderate hypothermic cardio-
pulmonary bypass (CPB) and cold sanguinous intermittent
hyperkalemic antegrade cardioplegic arrest. The left atrium
(LA) is opened paraseptally and themitral valve procedure and
LA ablation are performed.
2.5. RF biatrial maze19e21: (Fig. 1)
LAmaze is performed by isolating pulmonary veins superiorly
and inferiorly via paraseptal left atriotomy, using bipolar RF
diathermy coagulation and cryoablation is applied towards
the posterior annulus of mitral valve. Subsequently the LA
appendage is opened and left sided pulmonary veins are iso-
lated in a similar manner. A coagulation line is performed
from the LA appendage towards the isolated pulmonary vein
Fig. 1 e Modified radiofrequency biatrial maze. IVC: inferior vena cava; LAA: left atrial appendage; MV: mitral valve; PV:
pulmonary vein; RAA: right atrial appendage; SAN: sinoatrial node; SVC: superior vena cava; TV: tricuspid valve.
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two inferior pulmonary veins towards mitral annulus, stop-
ping 1 cm short of annulus and cryoablation is performed at
that site towards annulus. Cryoablation is also performed over
empty coronary sinus by lifting the apex cranially. The
requisite valvular surgery is performed. The LA is sutured and
patient rewarmed. The left heart is deaired and cross clamp is
removed.
The right atrial (RA) maze is performed after snugging the
SVC, IVC snares. The RA appendage (RAA) tip (5mm) is excised
and a 3 cm RA free wall incision made towards IVC. RA free
wall is ablated from SVC to IVC using bipolar RF coagulation
and from this line another ablation line is created upto 1 cm
short of posterior tricuspid valve annulus. One coagulation
line extends from the RA appendage anteromedially to 1 cm
short of the anterior tricuspid annulus. Cryoablation is done at
the tricuspid annular ends of the coagulation lines. A stab
incision is performed in the interatrial septum just below the
limbus fossae ovalis. This access is used for the bipolar for-
ceps blade to create a coagulation line from the SVC to IVC line
postero-superiorly to 1 cm short of the Tendon of Todaro
antero-inferiorly. The IAS stab incision is closed and the right
atriotomy is sutured and the patient is weaned off CPB after
placing 2 atrial and 2 ventricular pacingwires. The reperfusion
rhythm is noted and patient is subsequently managed ac-
cording to the protocol.2.6. RF radial approach: (Fig. 2)
The LA is opened paraseptally. The LA ablation in radial
approach is performed using RF bipolar coagulation. One
coagulation line starting frommiddle of the upper pulmonary
veins upto the LA appendage (LAA) tip. Another coagulation
line ismade inferior to both lower pulmonary veins, extendingupto themitral valve (MV) annulus and stopping 1 cm short of
it where cryoablation is applied. Cryoablation is applied
endocardially from LAA base upto anterolateral commissure
of MV and over the empty coronary sinus. In large LA an
additional horizontal linear ablation lesion is created over the
LA posterior wall midway between the upper and lower pul-
monary veins. Mitral valvular surgery is completed. The LA is
sutured and patient rewarmed. The left heart is deaired and
cross clamp is removed.
The RA ablation is performed exactly as described for
Biatrial maze.2.7. Post-procedure protocol: (Fig. 3)
Group A includes patients who underwent RF biatrial maze
procedure along with valvular heart surgery and patients in
group B underwent RF radial procedure along with valvular
heart surgery. Postoperatively all patients received amiodar-
one for 3 months and lifelong anticoagulation with sodium
warfarin and monitored with QTc and INR respectively.
Patients who converted to NSR post surgery were advised
regular followup. Those in AF at completion of surgical pro-
cedure, underwent immediate DC cardioversion and those
who still remained in AF at 3monthswere further subjected to
DC cardioversion. Those who remained in AF after above
protocol were declared as failure. Patients in NSR were fol-
lowed up clinically for relief of symptoms, maintenance of
NSR and underwent EKG and 2D echocardiography at 6
months to study the LA transport function.2.8. ATF on 2D-echocardiography
Left ATF was evaluated at 6 months in postoperative patients
who were in NSR by measuring the atrial filling fraction (AFF)
Fig. 2 e Modified radiofrequency radial procedure. IVC: inferior vena cava; LAA: left atrial appendage; MV: mitral valve; PV:
pulmonary vein; RAA: right atrial appendage; SAN: sinoatrial node; SVC: superior vena cava; TV: tricuspid valve.
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(Av) was calculated as difference between total diastolic time
velocity integral (TDv) and early ventricular filling integral (Ev)
(Av¼ TDv Ev). The AFFwas derived as percentage from ratio
of Av to TDv. A/E ratio was calculated by pulse wave Doppler
at the mitral valve during diastole in four chamber view to
calculate the peak velocity of the early filling phase (E), atrial
filling wave (A) and deceleration time of early filling phase.
2.8.1. Patient characteristics: (Table 1)
Patient characteristics have been elucidated in Table 1.2.9. Statistical analysis
Discrete variables (NSR/AF) were compared with contingency
tables using Fisher's exact test. Continuous variables for AFF
and A/E were expressed as median and mean ± standard de-
viation respectively. Variables for AFF failed normal distribu-
tion and were analyzed using ManneWhitney statistical test.
Variables for A/E succeeded normal distribution and were
analyzed using unpaired t-test (two tailed p-value less than
0.05 was considered to be significant).3. Results
The patients were followed up at 3 monthly intervals. At the
end of 6 months, 23 patients in radial group were in NSR and
15 were in AF as compared to 27 in NSR and 9 in AF in biatrial
group. Total of 6 deaths occurred (2 in radial group and 4 in
biatrial group). Two patients in radial group and 1 in biatrial
maze group died due to septicemia and 3 in biatrial group died
due to low cardiac output. None of the deaths were directly
related to maze/radial procedure.At follow up, all patients were in NYHA class IeII. Four
patients in biatrial group and 2 in radial group were in junc-
tional rhythm immediately after surgery and needed tempo-
rary pacing, but reverted to NSR within one week
postoperatively. No patient required permanent pacemaker.
There were no additional complications related to radial/
maze procedure such as esophageal/coronary artery injury or
pulmonary vein stenosis, thromboembolism or permanent
heart block.
The rate of conversion to NSR in the two groups was sta-
tistically insignificant by Fisher's exact test (p ¼ 0.22). ATF was
calculated by AFF and A/E ratio for the patients converted to
NSR. ATF was better in modified radial approach compared to
modified Cox's Maze III (A/E compared by unpaired t
test:0.52 ± 0.08 v/s 0.36 ± 0.10; two tailed p < 0.05. AFF
compared using Mann Whitney U test: median AFF for radial
group was 23 v/s 20 for biatrial group; two tailed p < 0.05).4. Discussion
Cox Maze III is the gold standard treatment for AF. Gillinov
emphasized that all patients with AF who present for cardiac
surgery should have AF ablation along with the intended
cardiac surgery.22 In Cox's maze procedure, the atrial incision
lines are designed to interrupt the conduction routes of
common reentrant circuits, assuring transmission of sino-
atrial node impulse to atrioventricular node via a specific
path. In this procedure, a large part of posterior LA wall be-
tween the pulmonary veins is isolated and remains discordant
in its activation. There are concerns regarding atrial transport
function after Cox's maze procedure, inspite of the patient
being in normal sinus rhythm. It is argued that isolated pos-
terior segment of LAwall may not effectively contribute to the
Fig. 3 e Post-procedure protocol. AF: atrial fibrillation; NSR:
normal sinus rhythm; RF: radiofrequency.
Table 1 e Patient demographics.
Procedure Radial procedur
Age (yr) (mean) 35.3 ± 9.12
Gender (male/female) 19/21
LA size (mm) (mean) 53.4 ± 1.05
Valvular surgery (MVR/DVR) 31/9
NYHA class
II 26
III 9
IV 5
EF (%) (mean) 59.4 ± 2.6
Deaths 2
Additional X-clamp time (mean) 16.0 ± 4.0 min
NSR 23
AF 15
Early junctional rhythm 2
Need for PPM Nil
AFF (mean/median) 23.09 ± 3.9 (med
A/E ratio (mean) 0.52 ± 0.08
AF: atrial fibrillation; AFF: atrial filling fraction; DVR: double valve rep
replacement; NSR: normal sinus rhythm; NYHA: New York Heart Associa
i n d i a n h e a r t j o u r n a l 6 6 ( 2 0 1 4 ) 5 1 0e5 1 6514ventricular filling, leading to reduced atrial transport function
and probable risk of nidus for thrombus formation and sub-
sequent thromboembolism. The isolated pulmonary area of
the LAwall was found to be about 30% of weight of entire LA in
dog models by the Cox's group and about 40% of LA surface
area in human cadaveric hearts.23 It has been found in
orthotopic heart transplant patients that about 9% had pos-
terior LA wall thrombus despite being in normal sinus rhythm
and on anticoagulation treatment.24
In Cox's maze procedure, the atrial transport function re-
covers over several months in the postoperative period, but
still remains low in the long term follow up.25 This has been
suggested due to the poor recovery of atrioventricular syn-
chronization of isolated part of LA wall between the pulmo-
nary veins. Lonnerholm et al26 showed in a prospective study
that after performing Cox's maze III, the atrial transport
function reduced significantly at long term follow up (mean
56 ± 12 months). They have suggested ongoing myocardial
pathological process or irreversible mechanical remodeling
with fibrosis due to extensive scarring post maze, as the cause
of progressive deterioration of atrial transport function.
Alternative procedure was suggested by Nitta et al viz:
radial approach.15e18 In thismethod the atrial incisions radiate
from the sinus node towards the atrioventricular annuli and
parallel to atrial coronary blood supply. We have used bipolar
radiofrequencyablation for both thegroupsandhave shown in
our earlier studies19,20,27 that it is aneffectiveway to treatAF. In
this prospective randomized trial we used bipolar coagulation
with cryoablation and compared our modification of Cox's
maze III procedure with modified radial approach for AF in
patients undergoing valvular surgery for rheumatic heart dis-
ease. We have found that conversion rate to sinus rhythm in
both the groups is similar (two tailed p value >0.05). However
the atrial transport function is statistically better in the radial
approach (A/E compared by unpaired t test:0.52 ± 0.08 v/s
0.36 ± 0.10; p< 0.05. AFF compared usingMannWhitneyU test:
median AFF for radial group was 23 v/s 20 for biatrial group;e (n ¼ 40) Biatrial maze (n ¼ 40)
33.4 ± 11.5
17/23
51.8 ± 0.85
30/10
20
14
6
57.3 ± 9.7
4
14.98 ± 4.39 min (p ¼ 0.20)
27 (p ¼ 0.22)
9
4
Nil
ian ¼ 23) 19.7 ± 1.98 (median ¼ 20)(p ¼ 0.005)
0.36 ± 0.10 (p < 0.001)
lacement; EF: ejection fraction; LA: left atrium; MVR: mitral valve
tion.
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other investigators. Ishii et al17 showed that serial atrial
transport function (atrial filling fraction and peak A/E ratio)
after the radial approach was significantly better than in Cox's
maze group. However the study covered a small number of
patients and was retrospective and non-randomized.
We have included only left atrial transport function and
not right atrial transport function as latter has been reported
to improve after both procedures. Right ATF has been exten-
sively reported to be higher than left ATF and remains so even
in the long follow up. Besides our ablation patterns for right
atrium are similar for both procedures. Hence we have not
included Right ATF in our study.
There are four important factors affecting the atrial
transport function:
1) Amount of functional atrial mass
2) Atrial blood supply which can determine its viability
3) Concordant contraction of adjacent atrial segments
created by the maze
4) Coupling of atrioventricular contraction.28
The incision lines of Cox's maze often interrupt the atrial
coronary blood supply. Januario et al29 have found in cadav-
eric human hearts, that major coronary arteries, including the
SA nodal arterywere commonly found in the areas involved in
AF ablation, which could lead to atrial dysfunction post maze
procedure. In contrast, Nitta et colleagues12 have demon-
strated that incision lines in radial method, run parallel to the
atrial coronary supply and hence could prevent its dysfunc-
tion due to prevention of injury to atrial blood supply. There is
no isolated box lesion of LA in radial approach and hence does
not have isolated non-contractile segments and provides a
more physiological atrial activation sequence.
In our study we did not have any patient suffering from
hypertension. However we wish to state that better left atrial
transport function would be an advantage in patients with
hypertension.
4.1. Drawbacks of the study
1. Our study has been performed in patients with rheumatic
valvular heart disease undergoing valvular replacement.
We have elucidated results at 6 months follow up. There is
need for long term follow up to assess the difference in
attrition rate of NSR between the two methods.
2. We have not studied sinus node function after surgery to
detect subclinical sinus node dysfunction which may
manifest later over a period of time.
3. We have excluded patients over 60 years of age to rule out
age-related diastolic dysfunction. Extrapolating our re-
sults, age may infact become an indication for radial
approach as atrial transport function is better preserved
and would contribute to improved left ventricular filling
and cardiac output.
In conclusion, outcome at 6 months for patients with AF
undergoing valvular surgery in rheumatic heart disease,
modified radial approach is as effective asmodifiedCox'smaze
III for conversion to NSR with better atrial transport function.Conflicts of interest
All authors have none to declare.
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